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[57] ABSTRACT

An electrode cap mounting station includes a linearly
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reciprocal drive member. Two electrode cap engaging
members, each having opposed facing knife edges, are
arranged in inverted relationship with respect to each
other and pivotally connected at one end to a body
surrounding the linear drive member. Each electrode
cap engaging member includes at least one cam. Cam
follower members mounted on the linear drive member
engage the cams during reciprocal movement of the
dnive member to pivot the electrode cap engaging mem-
bers from an open, spaced apart position to a closed
position in which the opposed knife edges engage the

joint between an electrode cap and a welding electrode

on which the cap is mounted to forcibly separate the
electrode cap from the welding electrode. In an elec-
trode cap mounting station, a similar linear drive mem-
ber pivots first and second electrode cap mounting
members. The electrode cap mounting apparatus is
substantially adentical to the electrode cap removing

~ apparatus. At least one chute carries a plurality of new

electrode caps. Movement of the welding electrode into
the mounting station urges the discharge end of the
chute into alignment with one of the first and second
electrode cap mounting members. Pivotal movement of
the first and second electrode cap mounting members to
the second position forcibly urges a new electrode cap
from the discharge end of the chute onto a welding

electrode.

22 Claims, 8 Drawing Sheets
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1
AUTOMATIC WELDING ELECTRODE CAP
CHANGER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, in general, to resistance
spot welding apparatus and methods and, specifically,
to resistance spot welding electrode caps.

- 2. State of the Art

In resistance spot welding operations on metal parts,
electrode assemblies including! electrode arms, shanks
and replaceable electrode caps are movably mounted
with respect to each other so as to contact the metal
parts and supply electric current therethrough to form
resistance spot welds. The end diameter or the contact
surface of the electrode cap which contacts the metal
part 1s one of the critical factors in forming a quality,
high strength spot weld.

In manufacturing operations, it is common for a sin-
gle welding gun to perform numerous spot welding
operations. Due to the high contact forces involving in
such welding operations, the end diameter or contact
surface of the electrode caps gradually enlarges or
“mushrooms”. This increases the end diameter or
contact surface and thereby decreases the current den-
sity as a spot weld is formed in the metal parts. If the
end diameter becomes too large, current density will
fall below a critical value and result in a low strength,
weak weld.

Thus, it is necessary for the electrode caps to be fre-

quently replaced with new caps having the proper end
diameter or dressed manually by use of a file or other

grinding implement to restore the end diameter to the -

proper size. Both replacement and dressing are labor
intensive which creates additional problems besides the
‘need for a skilled maintenance repairman. Due to typi-
cal high production rates, there is often not enough time

between each welding gun cycle for a maintenance

repairman to replace or manually dress the electrode
caps on a welding gun. Thus, such repair is frequently
postponed unttl normal production down time. How-

ever, due to the constant, gradual enlarging or mush-

rooming of the electrode caps, this delay in replacing or
dressing the caps to the proper size could result in nu-
merous low strength, weak welds which directly affects

product quality.

If the electrode caps are replaced or manually dressed

on the welding gun at the required time during produc-
tion, the time required to replace or dress the electrode
caps could result in an interruption of the production
line thereby effecting hundreds of workers and lower-
ing production rates.

In an effort to minimize the manual labor required to
replace or dress welding electrode caps and to alleviate
the possibility of production stoppages, an automatic
electrode cap exchanging apparatus has been proposed
in U.S. Pat. No. 4,794,221. In this apparatus, a knife tool
1s mounted on one end of a shaft rotatably mounted on
a base. A swinging lever 1s connected to one end of the
shaft to rotate the shaft about its axis. The knife tool
engages an annular groove or recess formed at the end
of the electrode shank between the main portion of the
electrode shank and the electrode cap. Rotation of the
knife tool by activation or rotation of the shank gener-
ates a twisting action in the knife tool which separates
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and removes the electrode cap from the electrode
shank. -

This patent also describes the use of an electrode cap
holder containing two adjacent rows of outwardly fac-
ing new electrode caps which are located adjacent to
the knife tool. A robot welder which carries the weld-
ing electrode assembly moves the electrode assembly

" from the knife tool to the holder. The electrode shanks
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of the welding gun are then activated and moved
toward each other to forcibly engage new electrode
caps in the holder. | |
Although this electrode cap exchanging apparatus
eliminates the need for manual labor in replacing elec-
trode caps and minimizes the possibility of production
stoppages or down time due to the fast operating cycle

of the apparatus and the robot welder, it contains design

features which could prevent its widespread use on
most commonly employed welding electrode assem-
blies. The welding electrode assembly employed by the
electrode cap changing apparatus in this patent is specif-
ically designed to create an annular groove or recess
between the jnner end of the electrode cap and an adja-
cent shoulder on the electrode shank. This provides a
readily accessible space for the knife tool to engage the
electrode shank. However, a large number of electrode
assemblies employed in certain industries, such as the
automobile industry, utilize a welding electrode design
which does not have an annular groove between the
inner end of the electrode cap and the shoulder on the
electrode shank. In these welding electrode configura-
tions, the inner end of the electrode cap is disposed in
registry or contact with the shoulder on the electrode
shank. Since the knife tool disclosed in the above-
described patent moves only through a rotation or
twisting action, it does not have sufficient force to en-
gage the joint between the registered electrode cap end
shank so as to separate the electrode cap from the shank
in these particular electrode assembly configurations.
Thus, 1t would be desirable to provide a resistance
spot welding electrode cap changer which automati-
cally removes a worn electrode cap from an electrode
shank and mounts a new electrode cap on the shank. It
would also be desirable to provide a resistance spot
welding electrode cap changer which eliminates the
need for manual labor required to replace or dress worn
electrode caps. It would also be desirable to provide a
resistance spot welding electrode changer in which the
replacement of worn electrode caps with new caps is
done in a short amount of time so as to minimize any
production stoppages. It would also be desirable to
provide a resistance spot welding electrode cap changer
which can be used in conjunction with a robot, multi-

axis welding apparatus.

SUMMARY OF THE INVENTION

The present invention is an automatic welding elec-
trode cap changer. The cap changer includes at least
one and preferably both of an electrode cap removing
apparatus and an electrode cap mounting apparatus.

The electrode cap removing apparatus comprises a
body having a through bore. A linear drive means hav-
ing a reciprocally extendible and retractable drive mem-
ber is attached to the body, with the drive member
reciprocally extending through the bore therein. First
and second electrode cap engaging means, each having
first and second ends, are arranged in opposed, inverted
positions with respect to each other and are pivotally
connected together at the first ends to the linear drive
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member. First and second cams are formed in the first

and second electrode cap engaging means, respectively.
The first and second cams are disposed in opposed,
inverted relationship with respect to each other.

Cam follower means are mounted on the linear drive

member and engage the first and second cam means to

pivot the first and second electrode cap engaging means
between a first, spaced apart, position and a second,
closed position as the linear drive member reciprocates.
Each of the first and second electrode cap engaging
means includes a knife edge, with the knife edges in the
first and second electrode cap engaging means being
opposed with respect to each other. In this manner, as
the first and second electrode cap engaging means pivot
to the second position, the opposed knife edges forcibly
engage the joint between an electrode cap and the elec-
trode shank to forcibly separate the electrode cap from
the electrode shank.

In a preferred embodiment, the first and second elec-
trode cap engaging means each comprise a pair of arms.
Separate cam means are formed in each of the arms,
with each of the arms being pivotally connected at a
first end to the body. A cross member extends between
the opposite ends of each of the arms and carries the
knife edges. The linear drive means preferably com-
prises a fluid operated cylinder having a reciprocal
cylinder rod.

The electrode cap mounting means comprises a Simi-
lar body, linear drive means, first and second electrode
cap engaging means, each having cam means and an
electrode cap engaging surface or member. Cam fol-
lower means mounted on the linear drive member en-
gage the cams and pivot the first and second electrode
cap mounting means from a first, spaced apart position
to a second, electrode cap engaging position.

In this embodiment, the electrode cap engaging
means preferably comprises a cylindrical pusher. Chute
means are pivotally mounted to the body of the elec-
trode cap mounting means and carries a serial arrange-
ment of new electrode caps. The welding electrode arm
forcibly urges the discharge end of the chute means
downward into co-axial alignment with one of the first
and second pushers as the electrode arm 1s moved into
the cap mounting apparatus. Activation of linear drive
means pivots the pusher to the second position to forci-
bly urge a new welding electrode from the discharge
end of the chute means onto the end if the welding
electrode arm located adjacent to the discharge end of
the chute means. |

A second identical chute means may be provided
adjacent to the second electrode cap engaging member
for mounting a new electrode cap on the opposed weld-
ing electrode of a typical welding electrode assembly.

The apparatus of the present invention overcomes
many of the problems encountered in the use of resis-
tance spot welding equipment. The present apparatus
automatically removes worn electrode caps from weld-
ing electrodes and mounts new caps on such electrodes.
This is done in a short period of time thereby minimiz-
ing the possibility of production stoppages or down
time. Further, the apparatus ts automatic thereby elimi-
nating any manual labor.

DESCRIPTION OF THE DRAWING

The various features, advantages and uses of the pres-
ent invention will become more apparent by referring
to the following detailed description of the drawing in

which: |
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FIG. 1is a perspective view of a resistance spot weld-
ing electrode cap changer constructed in accordance
with the teachings of the present invention;

FIG. 2 1s a perspective view of the electrode cap
removal apparatus shown in FIG. 1;

FIG. 3 is a plan view of the electrode cap removal
apparatus shown in FIG. 2;

FIG. 4 is a partially broken away, side elevational
view of the electrode cap removal apparatus, with the
elements thereof shown in their spaced apart, non-elec-
trode cap engaging position;

FIG. 5 is a partially broken away, side elevational
view similar to FIG. 4; but showing the elements
thereof in the electrode cap engaging position;

FIG. 6 is a partial, end view of the electrode cap
removal apparatus shown in FIG. 4;

FIG. 7 is a front elevational view of the electrode cap
mounting apparatus shown in FIG. 1;

FIG. 8 1s a side elevational view of the electrode cap
mounting apparatus shown in FI1G. 7; and

F1G. 9 is a partial, perspective view of the electrode

cap mounting apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As shown in the drawing, the present invention 1s a
resistance spot welding electrode cap changer which
automatically removes a worn electrode cap from a
resistance spot welding electrode assembly and mounts
a new electrode cap on the electrode assembly.

Before describing the details of the present invention,
a brief description of the environment in which the
present invention employed will be presented.

As shown in FIG. 1, a typical resistance spot welding
electrode assembly 10 includes a pair of electrode arms
12 and 14, one or both of which are pivotally mounted
sO as to exhibit pivotal movement with respect to the
opposed electrode arm. Either or both of the electrode
arms 12 and 14 may be pivoted by means of a conven-
tional fluid operated cylinder, not shown. The cylinder
controls the position of the electrode arms 12 and 14
and moves the arms 12 and 14 from a first, spaced apart,
non-engaging position shown in phantom in FIG. 1 to a
closed position 1n which the electrode caps 16 mounted
on the ends of the arms 12 and 14 contact a metal stack
disposed therebetween.

As shown in greater detail in FIG. 6, each electrode
arm, such as electrode arm 12, has an electrode shank 18
fixably mounted at an outer end. The shank 18 may be
straight or curved, as shown 1n FIG. 6. The electrode
shank 18 i1s hollow such that a coolant fluid supply tube
20 which extends through the length of the electrode
arm 12 may pass therethrough to provide coolant fluid
to the electrode cap 16. The electrode shank 18 termi-
nates in a tapered end portion 22.

The electrode cap 18 in the configuration to which
the present invention pertains, is press fit or forcibly
mounted on the tapered end portion 22 of the electrode
shank 18. In this mounting arrangement, the inner end
24 of the electrode cap 16 contacts in registry the shoul-

~der 26 formed at the end of the shank 18 at the start of

the tapered portion 22. |

Welding guns employing the above-described elec-
trode assembly are typically movably mounted so as to
be manually positioned and operated by a worker, fix-
ably mounted in a machine tool and activated by auto-
matic control equipment, or mounted on the end of a
robot, multi-axis manipulator which moves the welding
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gun through its preprogrammed path of movement
during which the weld gun performs numerous spot
welds. The present electrode cap changer apparatus can
be employed in all of the above-described resistance
spot welding applications. However, in a preferred
embodiment, the automatic electrode cap changer appa-
ratus of the present invention is employed with a robot
welding apparatus which has a welding assembly, such
as the welding assembly 10 described above mounted on
an end effector at the end of the manipulator arm. The
robot moves the welding gun through its prepro-
grammed path, which program is stored in the memory
of the robot, and sequentially activates the welding gun
to perform resistance spot welds at preprogrammed
locations. When it is necessary to replace the worn
electrode cap 16 with new caps so as to maintain the
desired end diameter or contact surface of the electrode
caps, the robot executing its program will move the
welding gun from the production line to the electrode
cap changer denoted in general by reference number 30
in F1G. 1, which is immediately adjacent the produc-
tion line. |

The electrode cap changer 30 includes an electrode
cap removing apparatus 32 and a new electrode cap
mounting or installing apparatus 34.

In the robotic welding gun application described
above, the electrode cap removing and mounting appa-
ratuses 32 and 34 are fixedly mounted on a suitable
mounting plate or base 36. The shape and size of the
base 36 is shown by way of example only as it may be
designed to suit any particular production line setup. As
shown in FIG. 1, the base 36 comprises an angle plate
having a first leg 38 and a second, generally perpendicu-
lar leg 39. The base 36 is mounted on a floor or other
suitable support surface. |

The electrode cap removal apparatus 32 shown in
F1G. 1 is depicted in greater detail in FIGS. 2-6.

The electrode cap changer apparatus 32 includes a
linear drive means 40 which has an extensible and re-
tractable, reciprocal linear drive member 42 mounted
therein. In a preferred embodiment, the linear drive
means 40 comprises a fluid operated cylinder, such as a
hydraulic or pneumatic cylinder. The linear drive mem-
ber 42 is a cylinder rod extending outward from one end
of the cylinder, with the other end of the cylinder rod
42 being connected to the piston within the cylinder.

The cylinder rod 42 reciprocates between extended and

retracted positions with respect to the cylinder 40 upon
bi-directional activation of the piston within the cylin-
der 40.

As shown in FIG. 3, the outer end 44 of the cylinder
rod 42 has a reduced diameter and is provided with a
plurality of external threads. The outer end 44 thread-
ably engages a slider 46. The slider 46 may also be
fixedly attached to the cylinder rod 42 by other means,
such as by a press fit, welding, etc.

The apparatus 32 further includes a support body
denoted by reference number 48. The suipport body 48
may be formed of a single, solid member or two, identi-
cal halves fixedly joined together. The support body 48

is fixedly mounted to the drive means or cylinder 40 by

means of suitable fasteners extending through an end
plate 49 affixed to one end of the cylinder 40, as shown

in FIGS. 2-5. The support body 30 also includes a lon-.

gitudinally extending, central bore 30 which extends
through the end cap 49 and completely through the
support body 50. The opposite end of the bore 50 is
closed by a closing plate §2, shown in FIG. 3 which is
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attached to the support body 48 by means of suitable
fasteners 54. Opposed lateral slots 56 are formed on
opposite sides of the support body 48 and open into the
central bore 50. Finally, the opposed sides 58 and 60 of
the support body 48 are formed with identical, recessed
surfaces having a generally curvilinear shape, the pur-
pose of which will be described in greater detail hereaf-
ter. _

The apparatus 32 further includes two side plates 62
and 64 which are fixedly secured to opposite sides of the
support body 48 by means of a plurality of fasteners, as
shown in FIG. 2. _

The electrode cap removal apparatus 32 also includes
first and second electrode cap engaging means denoted
in general by reference numbers 66 and 68. The first and
second electrode cap engaging means 66 and 68 are
responsive to reciprocation of the linear drive means 40
and exhibit pivotal action to move from an open, space
apart position shown in FIG. 4 to a closed position
shown in FIGS. 2 and 5 in which the opposed surfaces
of the first and second electrode cap engaging means 66
and 68 engage and separate an electrode cap from an
electrode shank.

The first electrode cap engaging means 66 includes
first and second arms 70 and 72, respectively. The first
and second arms 70 and 72 are pivotally mounted can
opposite sides of the support body 48 in the recessed or
cut out portions 58 on the side walls of the support body
48 as shown in FIGS. 4 and 5. One end of each of the
first and second arms 70 and 72 is pivotally connected to
the support body 48 by means of pivot pins 74 and 76,
respectively, which extend through the adjacent side
plates 62 and 64, the first arm 70 into a solid portion of

‘the support body 48. A keeper 76 is mounted on each of

the side plates 62 and 64 and engages a flat formed in an
outer end of each of the pivot pins 74 and 76 to retain
the pivot pins 74 and 76 in a fixed position.

The other ends of the first and second arms 70 and 72
are fixedly connected to an upper cross member 78 as
shown in detail in FIGS. 2 and 3. The upper cross mem-
ber 78 includes opposed, outer legs 80 and 82 which
extend perpendicular therefrom and are secured to the
second ends of the first and second legs 70 and 72, re-
spectively, by means of fasteners or other connecting

means. | .
Similarly, the second electrode cap engaging means

68 includes first and second, spaced arms 84 and 86, as

shown in FIGS. 3, 4 and 5. A first end of each of the
first and second arms 84 and 86 is pivotally connected to
the support body 48 by the pivot pins 74 and 76. The
second or opposed ends of the first and second arms 84
and 86 of the second electrode cap engaging means 68
are connected to a lower cross member 88. The lower
cross member 88 has a pair of spaced outwardly extend-
ing legs 90 and 92, as shown in FIG. 3 which extend
perpendicularly therefrom and are connected to the
second ends of the legs 84 and 86 by suitable fasteners,

not shown.

As shown in FIGS. 4 and 5, cam means denoted In
general by reference number 90 are formed in each of
the first and second arms 70 and 72 of the first electrode
cap engaging means 66. The cam means 90 may have

~ any desired shape to effect pivotal movement of the

65

arms 70 and 72 as described hereafter. In a preferred

embodiment, each of the cam means 90 includes a cen-

trally located, generally linear portion 92 and first and
second end portions 94 and 95, respectively, which are
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angularly disposed with respect to the central linear
portion 92 and inverted from each other.

Cam means 96 identical to the cam means 90 de-
scribed above are formed in each of the first and second
legs 84 and 86 of the second electrode cap engaging
means 68. Each of the cam means 96 is also preferably
formed with a generally linear central portion and op-
posed, angularly oriented first and second end portions.

Each of the arms 70, 72, 84 and 86 are formed of a
suitable, high strength material, such as a high strength
steel. Further, the cam means 90 and 96 formed in each
of the arms 70, 72, 84 and 86 is hardened for durability.

Although the cam means 90 and 96 are identically
formed, as shown in FIGS. 4 and §, the cam means 96
are inverted in orientation from the cam means 90. This
creates an opposed movement of the first and second
electrode cap engaging means 66 and 68 i1n a scissor-like
action. |

Cam follower means 100 are disposed in each of the
cams 90 and 96 in the arms 70, 72, 84 and 86 and ride
along the cam means 90 and 96 as the linear drive means
40 reciprocates. Preferably, the cam follower means 100
comprises a roller or busing which are rollable mounted
on opposed outer ends of a cross pin 102 which is
fixedly mounted in the slider 46 and extends outward
from opposed sides of the slider 46, as shown in FIGS.
3, 4 and 5, through the slots 56 in the body 48. In this
manner, as the linear drive means 40 reciprocates, the
slider 46 will likewise reciprocate within the bore 50 in
the support body 48. The cam followers 100 will also
linearly reciprocate and, as the cam followers 100 en-
gage the respective cams 90 and 96, the pairs of arms 70,
72 and 84, 86 will pivot from a first spaced apart posi-
tion shown 1n FIG. 4 to a second, closed, electrode cap
engaging position shown in FIG. 5.

A first or upper jaw 104 includes a base 106 which is
affixed, such as by threaded fasteners, to the upper cross
member 78 as shown in FIGS. 2-5. The upper jaw 104
also includes an outwardly extending, curvilinear finger
108. As shown 1n greater detail in FIG. 6, the finger 108
includes a knife edge 110 which extends from a pointed
terminal end angularly along a generally curvilinear
path. This knife edge 110 forcibly engages the joint
between the inner end 24 of an electrode cap 16 and the
outer end 26 of an electrode shank 16 and exerts a roll-
ing action to the electrode cap 16 as the upper jaw 104
pivots inwardly toward an opposed lower jaw 112.

As shown in FIG. 2, the lower jaw 112 includes a
‘base 114 which is threadingly connected to the lower
cross piece 88. A finger 116 extends outward from the
base 114 and includes a knife edge 118. The knife edge
118 on the lower jaw 112 is directly opposed from the
knife edge 110 on the upper jaw 104 so as to exert an
identical, but opposite rolling action on the joint be-
tween the electrode cap 16 and the shank 18 which
forcibly separates the electrode cap 16 from the end
taper 22 on the shank 18.

In general operation, the electrode cap removal appa-
ratus 32 will be positioned with the linear drive means
or cylinder 40 retracted such that the first and second
electrode cap engaging means 66 and 68 have pivoted
outward to their spaced apart positions shown in FIG.
4. The robot welder then positions one arm, such as
electrode arm 12, in position between the first and sec-
ond jaws 104 and 106. The linear drive means 40 is then
activated which causes the cylinder rod 42 to linearly
extend outward therefrom. The cam followers 100
mounted on the cross pin 102 traverse along the cams 90

8
and 92 and pivot the pairs of arms 70 and 72, and 84 and

86 to the closed position shown in FIG. §. As the jaws
104 and 106 approach the closed position shown in FIG.
5, the respective knife edges 110 and 118 will engage the

5 joint between the electrode cap 16 and the shank 18 and
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exert a forcible rolling action thereto which separates
the electrode cap 16 from the shank 18.

After the arms 70, 72 and 86 are pivoted apart, the
robot welder rotates the welding electrode assembly
180° to place the electrode arm 14 adjacent the elec-
trode cap removal apparatus 32. The drive means 40 is
again activated and the above process repeated to re-
move the cap 16 from the arm 14.

It will be understood that the above-described se-
quence of operations could be modified to remove only
one electrode cap from an electrode assembly if only
one cap needs to be replaced.

After all of the electrode caps 16 which need to be
replaced have been removed from the welding elec-
trode assembly 10, the robot moves the electrode assem-
bly 10 to the electrode cap mounting or installing appa-
ratus 34.

The electrode cap mounting or installation apparatus
34 includes a number of elements which are identical to
corresponding elements in the electrode cap removal
station 32 described above. The apparatus 34 includes a
linear drive means 140, preferably in the form of a recip-
rocal fluid operated cylinder. A cylinder rod 142 ex-
tends outward from the cylinder 140 and is fixedly con-
nected to a slider 146. The slider 146 reciprocates
within a bore 150 formed in a support body 148 which
1s attached to one end of the cylinder 140. The opposed
side walls of the support body 148 have curvilinear
recesses 158, as shown in FIGS. 7 and 8, formed therein.
The opposed side walls cf the support body 148 are
closed by side plates 162 and 164 which are attached
thereto by suitable fasteners.

First and second electrode cap engaging means 166
and 168, respectively, are pivotally mounted in the side
recesses on the support body 148. The first electrode

cap engaging means 166 includes first and second

spaced arms 170 and 172, respectively. Each of the arms
170 and 172 1s pivotally connected to the support body
148 by means of pivot pins 174 and 176, respectively
which extend through the side plates 162 and 164 into
the support body 148.

The second pair of arms 184 and 186 on the second
electrode cap engaging means 168 are likewise pivotally
connected to the support body 148 by the pivot pins 174
and 176, respectively. The second pair of arms 184 and
186 are located adjacent to, but laterally inward from
the first pair of arms 170 and 172.

The opposed ends of the first arms 170 and 172 are
fixedly connected to a first cross member 178. The first
cross member 178 includes opposed end flanges 180 and
182 which are connected by suitable fasteners to respec-
tive ones of the second ends of the legs 170 and 172.

Similarly, the second ends of the legs 184 and 186 are
fixedly connected to a second cross member 188. The
second cross member includes a pair of outwardly ex-
tending legs 190 and 192 which are connected by fasten-
ers or other connecting means to the second ends of the
legs 184 and 186.

As shown in FIG. 8, identical cam means 190 are
formed in each of the first pair of arms 170 and 172.
Identical cam means 192 are also formed in the second
arms 184 and 186. However, the second cam means 192
are inverted in orientation from the first cam means 190
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in the same manner as described above in the electrode
cap removal apparatus 32.

A cross pin 202 is fixedly mounted in and extends
outward from the slider 146. Cam followers 200, 1n the
form of rollers or bushings, are mounted on the outer
ends of the cross pin 202 and rollably engage one of the
cam means 190 and 192 in the arms 170, 172, 184 and
186 to convert reciprocal movement of the linear drive
means 140 to pivotal movement of the first and second
electrode engaging means 166 and 168 from a first,
open, spaced position shown in phantom in FIG. 8 to a
second, closed position, shown in solid, in which one of
the first and second electrode cap engaging means 166
and 168 engages an electrode cap 16, as described here-
after. |
As shown in FIG. 9, the first cross member 178 in-
cludes a centrally located notch 210 which opens out-
ward from the cross member 178. The second cross
member 188 includes an identical, opposed notch 212
which opens in an opposite direction from the second
cross member 188. |

A first electrode cap engaging member 214 includes a
pusher 216 in the form of a generally cylindrical rod 1s
fixedly mounted to a base 214 through an enlarged base
support. The base is mounted by means of threaded
fasteners to the first cross member 174 between the end
flange 180 and the central notch 210. The pusher 216
functions to forcibly urge a new electrode cap 16 onto
a capless shank 18 as the first electrode cap engaging
means 166 are pivoted to the closed position shown in
solid in FIG. 8.

An identical, second electrode cap engaging member
220 includes a base 221 which is fixedly mounted by
threaded fasteners to the second cross member 188
between one end of the second cross member 188 and
the central notch 212, as shown in FIG. 9. A generally
cylindrical pusher rod 222 is mounted on and extends
from the base 221 toward the first cross member 178.
The second pusher 222 functions in the same manner as
the first pusher 216 to forcibly urge an electrode cap 16

shown in phantom in FIG. 9 onto the shank 12 of the

other electrode arm 14. | |
The new elements of the electrode cap mounting

apparatus 34 which are not found in the electrode cap
removal apparatus 32 comprise opposed electrode gun
rests 230 and 232. The first gun rest 230 includes a leg
member 236 which is fixedly mounted on the support
body 148 by means of fasteners. A cross member 238
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pivotally mounted to the support body 148 by means of
a pivot bracket 256 which is connected at one end by
suitable fasteners to the support body 148. A pivot pin
258 extends through the pivot bracket 256 and engages
opposed attaching plates 260 affixed to opposite sides of

‘the chute member 254 and depending downward there-

from. A biasing spring 262 is disposed between the pivot
bracket 25 and the bottom surface of the chute member

254 to normally bias the lowermost or discharge end
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extends perpendicular from the leg 236 and terminates

in an open ended, U-shaped support 240. The support
240 is co-axially aligned with first pusher 216 and func-
tions to support the shank 18 of a capless electrode arm
12 prior to a new electrode cap being forcibly urged
thereon.

The second gu rest 232 is identically constructed as
the first gun rest 230 and includes a leg 241 which 1s
fixedly mounted to an opposite side of the support body
148. An upper cross member 242 extends perpendicu-
larly from the leg 241 and terminates in an open ended,
generally U-shaped support 244. The support 244 sup-
ports the shank 18 of an electrode arm 14 prior to a new
electrode cap 16 being mounted thereon.

Chute means 250 and 252 are respectively associated
with the first and second pushers 216 and 222. The first
chute means 250 comprises an elongated, hollow mem-
ber, having a generally square cross section. The mem-
ber 254 is adapted to contain a plurality of serially ar-
ranged new electrode caps 16. The chute means 250 is
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264 of the first chute means 250 to a downward position
as shown in FIG. 7. The biasing means 262 is in the form
of a coil spring which seats at one end in a recess in the
pivot bracket 256 and in the other in an aperture in a
rectangular plate affixed to the chute member 254.

A generally J-shaped receiver 266 is attached to one
of the attachment plates 260 and extends latera]ly out-
ward therefrom. The open portion of the receiver 266 is
co-axially aligned with aligned apertures 268 in both
side walls of the discharge end 264 of the first chute 250.

The second chute means 252 also comprises an identi-
cal hollow conduit 270 which has aligned apertures 272
at a discharge end 274. The second chute means 232 is
pivotally mounted via a pivot bracket 256 which 1s
attached to the support body 148 by means of fasteners
278. A pivot pin 280 extends through an opposite end of
the pivot bracket 276 and engages opposed attachment
plates 282 affixed to and extending downward from
opposite sides of the chute member 270. A biasing
means in the form of a coil spring 284 is disposed be-
tween the pivot bracket 276 and the bottom of the chute
member 270 to normally bias the second chute means
252 to the position shown in phantom in FIG. 7.

An open-ended, generally J-shaped receiver 286 is
attached to one of the attachment plates 282 and is
co-axially aligned with one of the apertures 272 in the
discharge end of the second chute means 250.

In use, the biasing springs 262 and 284 will bias the
discharge ends 264 and 274 of the chutes 250 and 252
upward as shown in solid for chute 250 and in phantom
for chute 252 in FIG. 7. The robot welder will move the
welding electrode assembly into position with respect
to the electrode cap mounting apparatus 34 and place
the shank 18 of a capless arm 12 onto the receiver 264 of
the first chute 250. This urges the discharge end 264 of
the chute 250 downward into a load position until the
shank 18 contacts the gun rest 230. The electrode cap
mountlng apparatus 34 is then activated causing the
linear drive means 140 to extend. This causes the first
and second workpiece engaging means 166 and 168 to
pivot inward toward each other to the position shown
in solid in FIG. 8. During such pivotal movement, the
pusher 216 engages a new electrode cap 16 in the dis-
charge end 264 of the chute 250 and pushes the elec-
trode cap 16 from the chute 250 across the receiver 264
and onto the shank 18 of the electrode arm 14 which is
resting on the gun rest 230. As the first electrode cap
engaging means 166 moves under considerable force,
i.e., approximately 1200 pounds, the electrode cap 16 1s
forc:lbly and securely mounted on the shank 18 of the
electrode arm 14.

It should be noted that while the first and second
electrode cap engaging means 166 and 168 are pivoting
together, the second pusher 222 does not contact an
electrode cap 16 in the chute 252 since the discharge
end of the chute 254 is biased upward and spaced from
the gun rest 266 as shown in phantom in FIG. 7.

However, after a new electrode cap 16 has been
mounted on the arm 14, the robot indexes the electrode
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assembly to the adjacent end of the first and second
electrode cap engaging means and lower the electrode
arm 12 until the shank 18 contacts an edge of the re-
ceiver 286. This forces the discharge end 274 of the
chute 252 downward until the discharge apertures 272
in which a new electrode cap are aligned with the gun
rest 232 and the second pusher 222. The next time the
electrode cap mounting means 34 1s activated, the
pusher 222 will engage the electrode cap 16 in the dis-
charge end of the chute 252 and force the electrode cap
16 onto the shank 18 of the electrode arm 12.

It should be noted that while the above-identified
sequence describes two separate cap mounting stations
in the electrode cap mounting apparatus 34, this may be
modified to contain only a single cap mounting station,
with the robot welder rotating the electrode assembly
180° between each operation so that new caps may be
mounted on each of the two arms of the electrode as-
sembly.

In summary, there has been disclosed a unique appa-
ratus for replacing electrode caps or spot welding elec-
trodes. The apparatus provides a simple and fast means
for removing worn electrode caps from an electrode
assembly and mounting new electrode caps on the elec-
trode assembly. The apparatus is automatic thereby
completely eliminating manual labor previously re-
quired to replace or redress worn electrode caps. The
apparatus also generates a high force to forcibly sepa-
rate a cap from the electrode where the cap 1s in direct
contact with the electrode shank.

What is claimed 1s:

1. An apparatus for replacing welding electrode caps
mounted on welding electrodes comprising:

first linear drive means having a first reciprocally

extendable and retractable drive member;
a first body, the body having a through bore through
which the first linear drive means reciprocates;

first and second electrode cap engaging means, the
first and second electrode cap engaging means
disposed in opposed, inverted positions with re-
spect to each other and pivotally connected at first
ends to the first body;

first and second cam means formed in the first and

second electrode cap engaging means, respec-
tively, the first and second cam means being 1denti-
cal and disposed 1in opposed, inverted relation with
respect to each other;

-cam follower means, mounted on the first drive mem-
ber and engaging the first and second cam means 1n
the first and second electrode cap engaging means,
for pivoting the first and second electrode cap
engaging means between a first, spaced apart, open
position and a second, closed position as the first
drive member reciprocates; and

opposed knife edges formed on the first and second

electrode cap engaging means, respectively, for
engaging opposite sides of the joint between the
electrode cap and the welding electrode to forcibly
separate the electrode cap from the welding elec-
trode as the first and second electrode cap engag-
ing means pivot to the second position.

2. The apparatus of claim 1 wherein:

each of the first and second workpiece engaging

means includes first and second spaced arms, each
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of the first and second spaced arms havmg a first

end;

12

the first ends of each of the first and second spaced
arms being pivotally connected to the first body;
and |

the first and second cam means including first and
second identical, spaced cams formed in each of the
first and second arms of each of the first and second
electrode cap engaging means.

3. The apparatus of claim 2 wherein each of the cam

means comprises:

a cam track having a central linear portion; and

first and second end portions angularly disposed with
respect to the central linear portion and inverted

from each other.

4. The apparatus of claim 1 wherein the cam follower
means comprises:

a first pin mounted on the first linear drive member,
the first pin having first and second ends extending
outward from opposite sides of the first hinear drive
member; and |

first cam follower means comprising first cam fol-
lower members mounted on each of the first and
second ends of the first pin for engaging the first
and second cam means formed in the first and sec-
ond electrode cap engaging means.

5. The apparatus of claim 1 wherein the first linear

drive means comprises:

a fluid operated cylinder; and

the first linear drive member comprises a cylinder rod
extensibly and retractably mounted in the cylinder
and extending outward from the cylinder.

6. The apparatus of claim 1 further comprising elec-
trode cap mounting apparatus, the electrode cap mount-
ing apparatus comprising:

second linear drive means having a reciprocally ex-
tendible and retractable second drive member;

third and fourth electrode cap engaging means, each
having first and second ends, the third and fourth
electrode cap engaging means disposed in opposed,
inverted positions with respect to each other and
pivotally connected at the first ends to the second
linear drive means;

a second body, the body having a through bore
through which the second linear drive means recip-
rocally extends;

first and second cam means formed in the third and
fourth electrode cap engaging means, respectively,
the first and second cam means in the third and
fourth electrode cap engaging means being dis-
posed in opposed, inverted relationship with re-
spect to each other;

second cam follower means, mounted on the second
drive member and engaging the first and second
cam means, for pivoting the third and fourth elec-
trode cap engaging means between a first, spaced
apart, open position and a second position wherein
the third and fourth electrode cap engaging means
Is adapted to engaging and forcibly mount an elec-
trode cap on a welding electrode; and

pusher means mounted on each of the third and
fourth electrode cap engaging means, for pushing a
new electrode cap engaging means onto the weld-
ing electrode as the third and fourth electrode cap
engaging means pivot to the second position.

7. The apparatus of claim 6 wherein:

each of the third and fourth electrode cap engaging
means includes first and second spaced arms, each
of the first and second spaced arms having a first
end;
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the first ends of each of the first and second spaced
arms being pivotally connected to the second body;

and
the first and second cam means comprising:
first and second identical, spaced cams formed in
each of the first and second arms of each of the
third and fourth electrode cap engaging means.
8. The apparatus of claim 7 wherein each of the first
and second cam means comprises:
a cam track having a central linear portion; and
first and second end portions angularly disposed with
respect to the central linear portion and inverted

from each other.

9. The apparatus of claim 6 wherein the second cam

follower means comprises:

a second pin mounted on the second linear drive
member, the second pin having first and second
ends extending outward from opposite sides of the
second linear drive member; and

second cam follower means comprising cam follower
‘members mounted on each of the first and second
ends of the second pin for engaging the first and
second cam means formed in the third and fourth
electrode cap engaging means.

10. The apparatus of claim 6 wherein the second

linear drive means comprises:

a second fluid operated cylinder; and

the second linear drive member comprises a cylinder
rod extensibly and retractably mounted in the sec-
ond cylinder and extending outward from the sec-
ond cylinder.

11. The apparatus of claim 6 further comprising:.

chute means for storing a plurality of serially ar-
ranged electrode caps, the chute means having a

cap discharge end with opposed, open side walls;

and

the discharge end being selectively alignable with
one of the third and fourth electrode cap engaging
means in the electrode cap mounting apparatus for
mounting an electrode cap positioned in the dis-
charge end of the chute means onto a welding

electrode. |
12. The apparatus of claim 11 wherein the chute

means COmprises:
a hollow, elongated member with closed top, bottom

and opposed side walls; and
means for pivotally mounting the elongated member

to the body such that the discharge end of the

elongated member is movable between a first posi-
" tion spaced from one of the third and fourth elec-

trode cap engaging means and a second position
aligned with one of the third and fourth electrode
cap engaging means.

'13. The apparatus of claim 12 wherein the pivotally

mounting means COMprises:

means for biasing the discharge end of the chute
means to the first position; and

wherein the welding electrode urges the discharge
end of the chute means to the second position as the
‘welding electrode moves into an electrode cap
mounting position.

14. The apparatus of claim 6 further comprising:

a mounting plate;

the electrode cap removing apparatus and the elec-
trode cap mounting apparatus being mounted on
the mounting plate.

15. An apparatus for mounting a new welding elec-

trode cap on a welding electrode comprising:
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linear drive means having a reciprocally extendible
and retractable drive member;

first and second electrode cap engaging means, each
having first and second ends, the first and second
electrode cap engaging means disposed in opposed,
inverted positions with respect to each other and
pivotally connected at the first ends to the linear

drive means;

a body, the body having a through bore through
which the drive member reciprocally extends;

first and second cam means formed in the first and
second electrode cap engaging means, respec-
tively, the first and second cam means being dis-
posed in opposed, inverted relatlenshlp with re-
spect to each other;

cam follower means, mounted on the drive member
and engaging the first and second cam means, for
pivoting the first and second electrode cap engag-
ing means between a first, spaced apart, open posi-
tion and a second position wherein the first and
second electrode cap engaging means are adapted
to engage and forcibly mount an electrode cap on
a welding electrode; and

pusher means, mounted on each of the first and sec-
ond electrode cap engaging means, for pushing a
new electrode cap engaging means onto the weld-
ing electrode as the first and second electrode cap
engaging means pivot to the second position.

16. The apparatus of claim 15 wherein:

each of the first and second electrode cap engaging
means includes first and second spaced arms, each
of the first and second spaced arms having a first
end;

the first ends of each of the first and second spaced
arms being pivotally connected to the body; and

the first and second cam means comprising:
first and second identical, spaced cams formed in

each of the first and second arms of each of the
first and second electrode cap engaging means.

17. The apparatus of claim 16 wherein each of the

first and second cam means comprises: |

a cam track having a central linear portion; and

first and second end portions angularly disposed with
respect to the central linear portion and inverted
from each other.

18. The apparatus of claim 16 wherem the cam fol-

lower means comprises:

a pin mounted on the drive member the pin having
first and second ends extending outward from op-
posite sides of the drive member; and

cam follower members mounted on each of the first
and second ends of the pin for engaging the first
and second cam means formed in the first and sec-
ond electrode cap engaging means.

19. The apparatus of claim 15 wherein the linear drive

means comprises:

a fluid operated cyhnder and

the drive member comprises a cylinder rod extensibly
and retractably mounted in the cylinder and ex-
tending outward from the cylinder.

20. The apparatus of claim 15 further comprising:

chute means for storing a plurality of serially ar-
ranged electrode caps, the chute means having a
cap discharge end with opposed, open side walls;
and

the discharge end being selectively alignable with
one of the third and fourth electrode cap engaging
means in the electrode cap mounting apparatus for
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- mounting an electrode cap positioned in the dis-
charge end of the chute means onto a welding

electrode. |
21. The apparatus of claim 20 wherein the chute

means COmprises:

a hollow, elongated member with closed top, bottom
and chute means comprises:

a hollow, elongated member with closed top, bottom
and opposed side walls; and |

means for pivotally mounting the elongated member
to the body such that the discharge end of the
elongated member is movable between a first posi-
tion spaced from one of the first and second elec-
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trode cap engaging means and a second posttion
aligned with one of the first and second electrode
cap engaging means.

22. The apparatus of claim 21 wherein the pivotally

mounting means comprises:

means for biasing the discharge end of the chute
means to the first position; and

wherein the welding electrode urges the discharge
end of the chute means to the second position as the
welding electrode moves into an electrode cap

mounting position.
* * *x % %*
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